The objective of this study was to examine the effect of combining ruminally degradable and undegradable CP sources on ruminal microbial protein synthesis and postruminal N and amino acid (AA) flows in steers. Six steers fitted with ruminal, duodenal, and ileal cannulas were fed diets containing corn silage and high-moisture corn supplemented with urea, soybean meal (SBM), dry corn gluten feed (DCGF), a combination of corn gluten meal and blood meal (CB), or SBM and DCGF in combination with CB. Estimated ruminal N escapes for SBM, DCGF, and CB were 32, 25, and 68%, respectively. Supplemental CP sources supplied 35 to 40% of diet CP (12.5% CP diets). Dry matter intake was adjusted to 2.3% of BW for each steer in each period. Total N flow at the duodenum decreased ( P < .01) when the diet was supplemented with urea vs other proteins due to decreased ( P < .O 1) flow of nonmicrobial N. However, microbial N and AA flows were greater ( P < .05) for urea than for other protein supplements. Disappearance of OM and NDF in the stomach decreased ( P < .07) or was numerically lower but nonmicrobial N at the duodenum increased ( P < .08) as CB replaced SBM or DCGF in the diet. Protein source had little effect on ruminal fermentation characteristics except that ruminal ammonia N (NH3N) concentration was higher ( P < .05) for urea than for other treatments.
ABSTRACT:
The objective of this study was to examine the effect of combining ruminally degradable and undegradable CP sources on ruminal microbial protein synthesis and postruminal N and amino acid (AA) flows in steers. Six steers fitted with ruminal, duodenal, and ileal cannulas were fed diets containing corn silage and high-moisture corn supplemented with urea, soybean meal (SBM), dry corn gluten feed (DCGF), a combination of corn gluten meal and blood meal (CB), or SBM and DCGF in combination with CB. Estimated ruminal N escapes for SBM, DCGF, and CB were 32, 25, and 68%, respectively. Supplemental CP sources supplied 35 to 40% of diet CP (12.5% CP diets). Dry matter intake was adjusted to 2.3% of BW for each steer in each period. Total N flow at the duodenum decreased ( P < .01) when the diet was supplemented with urea vs other proteins due to decreased ( P < .O 1) flow of nonmicrobial N. However, microbial N and AA flows were greater ( P < .05) for urea than for other protein supplements. Disappearance of OM and NDF in the stomach decreased ( P < .07) or was numerically lower but nonmicrobial N at the duodenum increased ( P < .08) as CB replaced SBM or DCGF in the diet. Protein source had little effect on ruminal fermentation characteristics except that ruminal ammonia N (NH3N) concentration was higher ( P < .05) for urea than for other treatments.
Total AA and essential AA flows to and disappearance from the small intestine increased ( P < .06) as CB replaced DCGF. However, substituting CB for SBM had little effect on intestinal flows and disappearance of AA. These data suggest that source of ruminally Introduction Supplementing ruminant diets with ruminally undegradable proteins can increase the flow of N and AA to the small intestine (Zinn et al., 1981; Titgemeyer et al., 1989) and result in improved growth and efficiency of N utilization (Stock et al., 1981; Goedeken et small intestine (Siddons et al., 1985; Cecava et al., 1991) compared with feeding more degradable protein sources. Lower concentrations of end products from ruminal proteolysis, such as NH3 N, AA, or branchedchain VFA (BCVF'A), may limit microbial protein synthesis when diets contain high levels of ruminally undegradable protein. In contrast, feeding higher levels of ruminally degradable protein can stimulate microbial protein flow to the small intestine, but total AA flows to the small intestine may be decreased because of extensive ruminal degradation of feed protein. The objectives of this study were to examine whether feeding combinations of ruminally degradable and undegradable proteins could enhance efficiency of microbial protein synthesis and improve the flow of microbial protein and undegraded feed protein to the small intestine. 
Experimental Procedures

Animals and Diets
Six Holstein steers (320 f 7.8 kg; 10 mo old) were fitted with ruminal and flexible T-type cannulas in the proximal duodenum and terminal ileum according to procedures approved by the Purdue Animal Care and Use Committee. Animals were allowed t o recover for 4 wk before initiating the experiment. The experiment was a 6 x 6 Latin square design; treatments were the source of supplemental CP in corn silagehigh-moisture corn-based diets ( profiles of preformed protein sources and harvested ruminal bacteria are presented in Table 2 . Corn gluten meal and BM were used in combination because they resist degradation in the rumen (ruminal escape N content = .55 and .82, respectively; NRC,
1985)
and have AA profiles that are complementary relative to the profile of AA (i.e., lysine and sulfurcontaining amino acids) required for optimum growth by cattle (Burroughs et al., 1974) . Soybean meal and DCGF were selected t o represent proteins extensively degraded in the rumen; estimated ruminal N degradabilities are 68 and 75%, respectively (Nocek and Russell, 1988) . Few studies have been conducted in which DCGF composed < 20% of diet DM (OARDC, 1989) . Whereas numerous studies have examined feeding DCGF at higher levels as an energy source in diets for growing and lactating cattle, the intent of this study was to examine the use of DCGF as a source of supplemental protein. Therefore, no effort was made to equalize energy content as DCGF replaced corn silage in diets. Steers were housed in individual pens (1.5 m x 2.5 m ) in a continuously lighted, temperature-controlled room (22°C). Water was available at all times. Dry matter intake was adjusted in each period to equal 2.3% of BW for each steer and daily allotments of feed were divided into equal portions and fed at 0400 and 1400. Chromic oxide ( 1 5 g/d) served as an indigestible marker of digesta flow and was mixed in the diet daily.
Sample Collection and Analyses
Each experimental period was 1 4 d, with 10 d for adjustment and 4 d for collection of digesta samples. Feed samples were collected on d 9 t o 14 of each period. On d 11 to 14, fecal grab samples (250 g) were collected at 8-h intervals and frozen. Fecal samples later were oven-dried at 55°C for 96 h and ground (1 -mm screen). Duodenal (300 mL) and ileal (200 mL) digesta were collected at 4-h intervals with sample times advanced 1 h each day of the collection period to give one sample for every l -h interval in a 24-h period. Digesta were composited by steer and frozen. Digesta were thawed later and homogenized, and a subsample was lyophilized and ground (l-mm screen).
On d 12, an aqueous solution containing 1 g of Yb as ytterbium chloride (YbCl3 . 6Hz0) was sprayed slowly on and mixed with 5% of the ration for each steer 12 h before feeding. On d 13, steers were fed the Yb-marked meal and intraruminally pulse-dosed with 1 g of Co as Co-EDTA in a 200-mL aqueous solution (Uden et al., 1980) just before the morning meal was fed. Ruminal contents were mixed manually after the Co marker was administered to foster uniform marker distribution. Whole ruminal contents ( e 500 g) were collected with a core sampler (Firkins et al., 1984) at 4, 8, 12, 18, 24, 36 , and 48 h after dosing. Contents were separated into fluid and particie fractions by squeezing through four layers of cheesecloth. Ruminal fluid was centrifuged at 25,000 x g for 20 min and analyzed for Co concentration by atomic absorption spectrophotometry. Particles were dried at 55"C, ground (l-mm screen), and analyzed for Yb (Firkins, et al., 1984) . Fluid and particle dilution rates were calculated as the slope of the regression line of the natural logarithm of Co or Yb concentration, respectively, on time. Ruminal fluid volume was estimated by dividing the amount of Co dosed by the antilogarithm of the y-intercept of Co concentration on time.
On d 14, ruminal contents ( = 500 mL) were collected using the core sampler at 3, 6, 9, and 12 h after the morning feeding. Contents were squeezed through eight layers of cheesecloth and the pH of fluid was measured immediately using an Orion pH meter (Model 520 A, Orion Research, Boston, MA). Thirty milliliters of fluid was acidified with 5 mL of 6 N HC1 and frozen; samples later were thawed and centrifuged at 25,000 x g for 20 min. The supernatant was analyzed for NH3N (Chaney and Marbach, 1962) and VFA (Merchen et al., 1986) .
Ruminal bacteria were obtained from whole ruminal contents (E 1.5 L) using the core sampler once daily on d 11 to 14 at times corresponding to 3, 6, 9, and 12 h after feeding. At each collection, contents were homogenized in a Waring blender (Waring Products, New Hartford, CT) with an equal volume of saline (20°C) for 1 min and strained through eight layers of cheesecloth. Five hundred milliliters of fluid was collected and frozen. Fluid later was thawed and a bacteria-rich fraction was obtained by differential centrifugation (Merchen and Satter, 1983) .
Feeds, duodenal and ileal digesta, feces, and ruminal bacteria were analyzed for DM, OM, and N (AOAC, 1984) and, except for bacteria, NDF (Robertson and Van Soest, 1977) and ADF (Goering and Van Soest, 1970) . For AA analysis, approximately 150-mg samples of SBM, DCGF, CGM, BM, duodenal and ileal digesta, and 12 samples of harvested ruminal bacteria (two samples per protein source treatment)
were hydrolyzed in 15 mL of 6 N HC1 for 22 h at 105°C. To minimize oxidation of sulfur AA, phenol and dithiodipropionic acid were added to each tube before hydrolysis (Barkholt and Jensen, 1989) . Amino acid composition of hydrolysates was determined with a Beckman AA analyzer (Model 7300, Beckman Instruments, Palo Alto, CAI. Chromium content of duodenal and ileal digesta and feces was measured (Williams et al., 1962) and flow of nutrients at sites in the gastrointestinal tract was calculated by reference to Cr and nutrient concentrations (gramsigram of DM) at respective sites. Purine content of duodenal digesta and ruminal bacteria was measured according to the method of Ushida et al. (1985) . Because protein source did not affect ( P = .51) the composition of harvested bacteria, an average bacterial N:purine ratio of .82 k .01 was used to calculate the proportion of duodenal N of bacterial origin. Total bacterial N flow at the duodenum (gramsiday) was estimated by dividing .82 by the N:purine ratio of duodenal digesta and multiplying this proportion by total duodenal N flow. The remaining N was assumed to contain undegraded N of feed origin and endogenous N. Bacterial OM flow at the duodenum was calculated by 
Statistical Analyses
Data were analyzed by ANOVA using the GLM procedure of SAS (1986) for a Latin square design. Model sums of squares were separated into effects of .97 3.4 I aSBM = soybean meal; DCGF = dry corn gluten feed; CB = .67 corn gluten meak.33 blood meal on a CP basis; SBM/CB = .50 SBM:.5O CB on a CP basis; DCGF/CB = .50 DCGF:.5O CB on a CP basis. bSignificance ( P < .07) for the following comparisons: 1 = urea vs other supplemental CP sources; 2 = linear effect for diets containing SBM and CB; 3 = quadratic effect for diets containing SBM and CB; 4 = linear effect for diets containing DCGF and CB; and 5 = quadratic effect for diets containing DCGF and CB.
'Corrected for OM of microbial origin.
steer, period, and treatment. Sums of squares for treatment were separated further into single df nonorthogonal comparisons as follows: 1 ) urea vs preformed protein supplements, 2 ) linear and 3 ) quadratic effects of SBM in diets containing SBM and CB, and 4) linear and 5 ) quadratic effects of DCGF in diets containing DCGF and CB. Treatment effects were considered significant at P < .lo. Ruminal data collected at various times after feeding were analyzed as a repeated measures design. No treatment x time interaction was detected ( P > .lo), therefore, measurements were averaged across time and treatment effects were compared using contrasts described above.
Results and Discussion
True OM digestion (gramdday) in the stomach was greater ( P < .07) and digestion as a percentage of intake tended ( P = . 1 1) to be greater when diets were supplemented with urea alone than with preformed proteins ( Table 3 ) . As CB was substituted for SBM a linear ( P < .04) decrease in apparent OM digestion in the stomach occurred due mainly to a 26% decrease in digestion of CB compared with SBM/CB. In similar fashion, true digestibility of OM in the stomach showed a quadratic ( P < .07) decrease as CB replaced SBM; SBMiCB had the highest OM digestibility of the diets containing preformed protein, and substantially lower disappearance was noted for CB. Improved OM digestibility when SBM and CB were fed in combination was accounted for by enhanced ruminal fiber digestion (data not shown). Hindgut and total tract OM digestion also were greater ( P < .03) when SBM and CB were fed in combination than when these proteins were fed alone. When CB replaced DCGF, digestion of OM in the stomach tended to decrease (nonsignificant) and hindgut OM digestibility decreased linearly ( P < .08). Consequently, total tract OM digestibility decreased ( P < .07) as CR replaced DCGF. These effects can be partially explained by decreased ( P < .07) fiber digestion in the stomach as CB was substituted for DCGF. In general, as CB replaced SBM or DCGF, OM and fiber (NDF, ADF; data not shown) digestion in the stomach and total tract decreased. These observations may be related to lower ruminal NH3 N concentrations noted for CB than that for other treatments (Table 4) . Mehrez et al. (1977) observed that low concentrations of NH3 N limited disappearance of structural carbohydrate in situ, and Poos et al. (1979) showed reduced ruminal NH3 concentrations and decreased OM and fiber digestion in dairy cows fed diets containing low levels of CP. Higher concentrations of NH3 N may be necessary for optimum fermentation of diets containing a high proportion of readily fermentable substrate or those fed at high levels of DM intake.
Ruminal NH3 N concentrations, averaged across time, were lower ( P < .05) for diets containing preformed proteins than for urea, and decreased ( P < .07) as CB replaced SBM or DCGF (Table 4) . aSBM = soybean meal; DCGF = dry corn gluten feed; CB = .67 corn gluten meal:.33 blood meal on a CP basis; SBWCB = .50 SBM:.50 CB on a CP basis; DCGFiCB = .50 DCGF:.50 CB on a CP basis. bSignificance ( P < .07) for the following comparisons: 1 = urea vs other supplemental CP sources; 2 = linear effect for diets containing SBM and CB; 3 = quadratic effect for diets containing SBM and CB; 4 = linear effect for diets containing DCGF and CB; and 5 = quadratic effect for diets containing DCGF and CB. Cothers = valerate, isovalerate, isobutyrate.
Concentration of NH3 N was lower at all sampling times for CB than for other supplements but concentration did not fall to < 5 mg of NH3 N/dL. Estimates for optimal concentration of NH3 N for microbial growth and protein synthesis range from .35 to 29 mg/ dL (Owens and Bergen, 1983) . This range covers the spectrum of NH3 N concentrations that likely would be observed for ruminants fed a wide array of diets. Furthermore, optimal concentration of NH3 N for structural carbohydrate fermentation may be different than that for maximal microbial growth and protein yield (Hoover, 1986) . Total VFA concentration was unaffected by treatment and averaged 114.5 f 3.83 mM but molar proportion of acetate ( Ac) was higher and propionate (Pr) lower for urea than for the average for other treatments. Molar proportion of BCVFA was unaffected ( P = .14) by treatment and averaged 3.76 +.
.11. Ruminal pH (avg = 6.33 f .Ol), fluid volume (51.8 k. 1.7 L), and passage rates (percentage/hour) of fluid (7.23 f .14) and particulate matter (6.05 +.
.26) were not affected by source of supplemental CP. It was hypothesized that feeding higher levels of ruminally undegradable protein might decrease ruminal concentrations of products of proteolysis, such as NH3N, AA, peptides, or BCVFA. These products are required for, or are stimulatory of, microbial growth (Bryant and Robinson, 1962) and decreases in their concentration can decrease microbial growth in vitro (Cotta and Russell, 1982; Argyle and Baldwin, 1989) and in vivo (Hume, 1970; Maeng and Baldwin, 1976) . Cecava et al. (1991) reported decreased efficiency of microbial protein synthesis and microbial protein flow postruminally for steers fed mixed roughage:concentrate diets supplemented with a combination of CGM and BM compared with SBM. These decreases may have occurred because of decreased ruminal concentrations of NH3 N, AA, or peptides. In the present study, supplementing diets with CB alone decreased ruminal OM digestion and intestinal flow of microbial N. Feeding CB in combination with SBM or DCGF increased ruminal NH3 N concentrations somewhat and may have increased ruminal concentrations of AA and peptides. These changes may partially account for improvements in OM and NDF digestibility in the stomach and slight increases in duodenal microbial protein flow when CB was fed in combination with either SBM or DCGF.
Total N at the duodenum increased ( P < .01) when diets were supplemented with preformed proteins compared with urea alone because of increased ( P < . O l ) flow of nonmicrobial N (Table 5) . Nonmicrobial N flow (grams/day) was 28% higher, on average, and flow as a percentage of N intake was 36% greater ( P < .O 1) when diets were supplemented with preformed proteins than with urea alone. Increased passage of nonmicrobial N (feed protein) when diets are supplemented with preformed proteins compared with urea is well documented (Zinn et al., 1981; Cottrill et al., 1982; Lynch et al., 1987; Cecava et al., 1988) . Nonmicrobial N flow (percentage of N intake) increased ( P < .07) as CB replaced SBM or DCGF. Ruminal escape of SBM, DCGF, and CB N was estimated by subtracting duodenal N flow when the diet was supplemented with urea from N flow when diets were supplemented with respective protein sources and dividing the remainder by supplemental N intake. Ruminal N escape was estimated to be 32, 25, and 68% for SBM, DCGF, and CB, respectively. These estimates agree with values previously reported (NRC, 1985; Nocek and Russell, 1988) . Firkins et al. (1984) reported that DCGF contained a high proportion of soluble N and, in their study, they estimated that only 14% of DCGF N escaped ruminal degradation. Given that the combination of CGM and BM bSignificance ( P < ,071 for the following comparisons: 1 = urea vs other supplemental CP sources; 2 = linear effect for diets containing SBM and CB; 3 = quadratic effect for diets containing SBM and CB; 4 = linear effect for diets containing DCGF and CB; and 5 = quadratic effect for diets containing DCGF and CB.
'Organic matter apparently digested in the stomach dOrganic matter truly digested in the stomach.
contained at least twice as much escape N as SBM or DCGF, it is not surprising that nonmicrobial N flow at the duodenum increased as CB replaced SBM or DCGF. When diets contained urea as the sole supplemental CP, the microbial N flow was numerically greater ( P = .21) than the average microbial N flows with diets that contained preformed protein supplements. This was due mainly to lower microbial N flows for higher levels of CB; microbial N flow decreased ( P < .07) as CB replaced SBM and was lower (nonsignificant) as CB was substituted for DCGF. Decreased flow of microbial protein to the duodenum for CB can be explained by decreased ruminal OM fermentation rather than reduced efficiency of microbial protein synthesis. Feeding CB in combination with SBM and DCGF increased ruminal fermentation of OM compared with feeding CB alone but did not improve efficiency of microbial protein synthesis. Efficiency of protein synthesis was similar among treatments and averaged 33.7 and 22.7 g of microbial N/kg of OM apparently or truly fermented in the rumen, respectively. Other researchers (Zinn et al., 1981; Kirkpatrick and Kennelly, 1989; Beever et al., 1990 ) also have observed no effect of supplemental CP source on efficiency of microbial protein synthesis. In contrast, several studies (McCarthy et al., 1989; Cecava et al., 1991) noted improved efficiency of microbial protein synthesis when diets were supplemented with proteins more susceptible to ruminal degradation. In these studies, concentrations of NH3 N and(or) other products of proteolysis (AA, peptides, BCVFA) required by some ruminal microorganisms for growth increased as ruminally degradable protein content of diets increased. Apparent digestibility of N entering the duodenum increased ( P < .07) as CB replaced DCGF. Lower N digestibility in the small intestine for DCGF may reflect more refractory N arriving at this site because of extensive ruminal proteolysis of soluble and more digestible N fractions found in DCGF. Titgemeyer et al. (1989) observed that intestinal absorption of N from SBM was lower than absorption of N from BM, CGM, or fishmeal. Ruminal escape N from extensively degraded proteins, such as DCGF and SBM, may contain a high proportion of unavailable N because potentially digestible N would undergo extensive ruminal proteolysis. Apparent N digestibility in the small intestine decreased when SBM and CB were fed in combination compared with when these proteins were fed alone (quadratic response; P < .02). It is unclear why this occurred.
Digestibility of N in the total tract was approximately 6% greater ( P < .01) when urea was the sole source of supplemental CP than the average for other treatments. Total tract N digestibility was similar among diets containing preformed protein supplements and averaged 62%. However, increased AA flow to and disappearance from the small intestine as CB replaced DCGF as supplemental CP (Tables 6 and 7 ) suggest that total tract N digestibility is a poor indicator of the potential for protein sources to supply aSBM = soybean meal; DCGF = dry corn gluten feed; CB = .67 corn gluten meal:.33 blood meal on a CP basis; SBMiCB = .50 SBM:.5O CB on a CP basis; DCGFiCB = .50 DCGF:.50 CB on a CP basis.
bSignificance ( P c ,071 for the following comparisons: 1 = urea vs other supplemental CP sources; 2 = linear effect for diets containing SBM and CB; 3 = quadratic effect for diets containing SBM and CB; 4 = linear effect for diets containing DCGF and CB; and 5 = quadratic effect for diets containing DCGF and CB.
'EAA = essential amino acids (Arg, His, Ile, Leu, Lys, Met, Phe, Thr, Val) . dNEAA = nonessential amino acids (Ala, Asp, Cys, Glu, Gly, Pro, Ser, Tyr).
eCalculated as total AA flow-bacterial AA flow at duodenum.
absorbable amino acids to the small intestine. Other research (Koeln and Paterson, 1986; Kirkpatrick and Kennelly, 1989) supports this observation although exceptions may be noted for extensively processed proteins or proteins susceptible to heat damage, in which case N excretion may indicate overprocessing (Santos et al., 1984) . The effects of protein supplements on postruminal flows of AA are presented in Table 6 . Duodenal flows of essential AA (valine, methionine, leucine, phenylalanine, histidine) and nonessential AA (serine, glutamic acid, proline, alanine) increased ( P < .07) as CB replaced DCGF. Consequently, total AA flows and essential and nonessential AA flows increased ( P < .05) as CB was substituted for DCGF in the diet. These increases were accounted for by increased ( P < .05) flow of dietary and endogenous AA, as might be expected given the higher ruminal escape value of CB than for DCGF N. Whereas total N flow at the duodenum showed a nonsignificant 4% increase as CB replaced DCGF, total AA flow increased by 17%. In part, this reflects the lower AA N/ total N content of ruminal microbes and DCGF relative to BM, as shown in Table 2 . Total AA flow to the small intestine was unaffected ( P = .95) as CB replaced SBM because increased (nonsignificant) flow of AA from dietary protein for CB was offset by greater ( P < .06) flow of microbial AA for SBM. Replacing DCGF with CB or feeding DCGF in combination with CB increased the flow of AA to the small intestine compared with feeding DCGF alone. However, no increase in AA flow was observed when CB replaced SBM in the diet. Although not compared by statistical analysis, flow of dietary and endogenous AA were 36% less for DCGF compared with SBM. This reflects the lower estimate of escape for DCGF than for SBM N, as discussed previously. Flow of microbial AA decreased ( P < . O l ) when preformed proteins were fed compared with urea and decreased ( P < .05) as CB replaced SBM of DCGF. These trends are consistent with decreased microbial N flow at the small intestine as CB replaced SBM. Effects of protein source on the pattern (grams of AA/lOO grams of AA) of AA presented to the small intestine were relatively small (data not shown). This underscores how dificult it is to enhance the flow of specific amino acids to the small intestine of ruminants fed typical mixed forage: concentrate diets that contain adequate metabolizable energy. Microbial AA generally account for > 50% of total AA flows postruminal, as was the case in this study, and the composition of microbial protein is relatively constant (Storm and Orskov, 1983) . However, Clark et al. (1992) recently suggested that the composition of ruminal microbes can vary substantially. Though not shown, the small differences in duodenal AA profile (grams of A A / l O O grams of AA) can be accounted for by the relative proportion of AA supplied by microbial and dietary protein and the AA profiles of ruminal bacteria and supplemental proteins. For this study, the major effect of supplemental CP source was on the total quantity of AA supplied to the duodenum. Net disappearance of total, essential, and nonessential A4 from the small intestine increased ( P < .07) as CB replaced DCGF ( Table 7 1. As CB was substituted, for DCGF, intestinal disappearance increased ( P < .05) for 12 of the 17 AA measured and numerically increased for the remaining AA (methionine, isoleucine, histidine, lysine, glycine). Increased disappearance of AA was due not only to greater flows of AA to the duodenum but also to increased ( P e .03) disappearance of AA as a percentage of those entering as CB replaced DCGF in the diet. Disappearance of AA entering the small intestine increased from 58 to 71% (SEM = 3.81) as CB replaced DCGF. This may be due to more refractory protein arriving at the duodenum for DCGF than for CB as discussed previously for lower small intestinal N digestibility ( Table 5 ) . As CB replaced SBM, net disappearance of AA was unaffected ( P = .78) except for aspartic and glutamic acids, for both of which disappearance ( P < .05) increased. The similarity in disappearance of AA as CB replaced SBM is not surprising because flow of total AA to the small intestine and disappearance of AA as a percentage of that entering the duodenum was unaffected by replacing SBM with CB (average = 67 f 3.81%). Net disappearance of AA was similar ( P = .64) when urea was the source of supplemental protein compared with preformed proteins. These data emphasize that, in some cases, supplementing diets with preformed proteins or high levels of ruminally undegradable CP may not improve metabolizable protein supply to the animal (Clark et al., 1992) . This was the case when CB replaced SBM as the source of supplemental CP. This is particularly true if ruminal microbial protein flow is decreased by the supplementation strategy, as was the case when CB was the sole source of supplemental CP in this study.
Implications
Supplementing diets with ruminally undegradable protein can increase flow of dietary nitrogen and amino acids to the small intestine but may not increase total metabolizable protein supply to the animal if flow of amino acids from ruminal microbial protein decreases. Feeding corn gluten feed in combination with corn gluten meal and blood meal increased intestinal flow of absorbable amino acids, but feeding soybean meal in combination with these proteins resulted in only small changes in absorbable amino acid flow. In typical diets fed to growing steers, the source of supplemental crude protein likely will have a greater effect on the total quantity rather than on the proportions of amino acids available for absorption.
